Glucose desensitization in INS-1 cells: evidence of impaired function caused by glucose metabolite(s) rather than by the glucose molecule per se.
Type 2 diabetes characteristically involves disturbances of the beta-cell function including reduced insulin secretion in response to elevated glucose. In experimental diabetes, beta cells are often "blind" to glucose, and clonal beta-cell lines chronically exposed to glucose show impaired glucose sensing. The present study focuses on the effect of long-term exposure to high-glucose concentrations on insulin secretion, insulin store, and insulin mRNA content in the beta-cell line INS-1. The cellular insulin mRNA content has been shown to be reduced by approximately 90% on such exposure for 4 days. This decrement could be partly counteracted by subsequent culture for 4 days at low glucose, while daily alternate culture in high and low glucose did not prevent the insulin mRNA content from being reduced. The insulin release from cells cultured at high glucose was simultaneously reduced by 50%. This change was, however, not reversed by subsequent culture at low glucose, a pattern also found for the intracellular insulin stores. The suppression of insulin mRNA, insulin release, and intracellular insulin stores induced by high glucose was completely neutralized by the metabolic glucokinase blocker, mannoheptulose, while 2-deoxyglucose, a phosphoglucose isomerase blocker, had no impact. This suggests that glucokinase activity may have a negative regulatory effect. Addition of D-glyceraldehyde (DG) induced an increase in insulin release, while insulin mRNA remained unaltered. It would therefore seem that at least one glucose metabolite is involved in the glucose desensitization in INS-1 cells, which opens the prospect of regulatory factor(s), which possess(es) negative, as well as positive, actions.